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ABSTRACT 

The Department of Energy has developed a pro- 
gram to effect o largo redaction in the price of 
photovoltaic modules, with significant progress 
already achieved toward the 1986 goal of 50(/watt 
(1975 dollars), Remaining elements of a P/V power 
system (structure, bnttory storage i regulation, 
control, and wiring) are also significant cost 
items. The coBta of these remaining elements are 
commonly referred to as Balance-of-Systcm (BOS) 
costs. The 30S costs are less well defined amd 
documented than modulo costs. 

The Lewis Research Center (LcRC) investigated 
the BOS costs associated with twelve photovoltaic 
experiments conducted by LcRC in 1976/77 and with 
two village power experiments that will be install- 
ed in 1978. The costs were divided into fi’>e cate- 
gories and analyzed . A regression analysis was 
performed to determine correlations of BOS coats 
per peak watt, with power size for these photovol- 
taic systems. The statistical relationship may bo 
used for flat-plate, DC systems ranging from 100 to 
4000 peak watts. A survey of suppliers was con- 
ducted for comparison with the predicted BOS cost 
relationship, 


INTRODUCTION 

A major objective of the Photovoltaic Tests 
and Applications Project, managed by the NASA 
Lewis Research Center (LcRC) for the DOE, is to 
identify and cooperatively test with selected 
users, applications judged to be cost-effective in 
the near-term (prior to 1986) , These near-term 
application experiments are structured do engage 
active participation and interest of the privnt- 
sector. It is expected that those experiments 
will provide a flow of application-related infor- 
mation to the technical community, and to the DOE 
Photovoltaic Program participants and contractors. 
System costs are an important part of this appli- 
cation information. 

Price goals per watt were established by DOE 
in 1975 (1). At that time, the module price for 
Block I DOE purchases averaged about $21 per watt. 
The future goal was for $.50 per wutt by 1986. 

The average price per watt for DOE purchases in 
1976 was $15.50 and in 1977 $10.96 (Blocks II and 
III respectively) , 


In the past, the cost of the modules domina- 
ted total costs for photovoltaic systems. How- 
ever, as module cost goals are realized in the 
future, the cost of the othor system components 
will become dominant unloss tlwso components also 
experience largo cost reductions, The coBts of 
those other system components (balnueo of system 
or BOS costs) must be examined to determine what 
cost reductions, if nny, can be achieved. In 
many cases, cost reductions will bo difficult to 
achieve due to the relative maturity of the com- 
ponent tec’iimlogies involved . 

This report documents the BOS costs for 
twelve LeSC photovoltaic application experiments 
(Tablet) with various federal and state govern- 
ment agencies during 1976 and 1977. In fiddition, 
BOS cost estimates nre given for two village power 
systems that will be installed in 1978, BC$ costs 
obtained from a survay of manufacturer'} are com- 
pared with LeRC BOS costs. The LeRC data ware 
used to perform a regression analysis. The re- 
sults of this analysis are presented. 

COST DATA COLLECTION 

Tile procedure for cost data collection con- 
sisted of defining BOS cost categories for a 
photovoltoic system and then determining the 
labor and material cost for each category. 

The BOS cost categories Incxude the following 
elements (2) : 

o Array, Structure, and Site Preparation 

Module mounting frames 
Frame supports and foundations 
Security and safety equipment 

o Electrical 

Wiring, interconnects 

Control circuits/instruments 

Load management circuits 

Voltage regulation, power conditioning 

Enclosure or building 

o Storage 

Batteries 

Racks and venting equipment 
Enclosure or building 

o Installation and Checkout 


o Other 

Module test and Inspection 
System sizing t.nd design 
I’acknging and freight preparation 
Maintenance equipment 

Material conte were determined frua purchase 
orders for all parts and materials on the design 
drawings. Time cards and interagency agreements 
were used to estimate direct labor hours supplied 
by LcRC and user agencies, Labor costs were deter- 
mined by using an nvoruge lnbor-hour cost of $20/ 
boar lor engineers and $l5/hour for teelmiriatijs. 
Travel and shipment costs incurred for each In- 
stallation wore omitted because these coats would 
bias the coat of the experiment in proportion to 
the distance of the teat site from LoRC. Other 
costs excluded were profit on government labor, 
indirect or overhead coat markupE, warranties, in- 
surance, taxes, site acquisition costs, scares, 
marketing and finished drawings for the customer. 
Although legitimate for commercial systems, these 
coats were not incurred by the government. 

DISCUSSION 

The photovoltaic application experiments con- 
ducted by LeRC nre experiments intended to verify 
that photovoltaic power systems will meet the 
electrical energy requirements of a range of appli- 
cations in s coBd-uffecti\ » manner. The experi- 
ment hardware included some elements not normally 
purciiased for commercial systems, but those costs 
have been excluded here, The DOS cost summaries 
in Table 2 were developed from the categories men- 
tioned previously. 

In addition Lo the BOS costs for the 12 ex- 
periments, preliminary BOS estimates for two 
village power systems that will be installed dur- 
ing 1976 wore also obtained and are shown in fable 
2, These two systems are! 

A, Village Power System for Scbuclmll, Arizona. 
This DOE sponsored project is being managed by 
LeRC in cooperation with the Public Health 
Service and the Papago Tribe of , 'izona. The 
system will consist of a 3570 watt D.C. photo- 
voltaic power system and the electricity will 
be used to provide lighting, water pumping, 
refrigeration, laundry and sewing facilities 
for the residents of Bchuchuli. Details of 
this system are being reported at this con- 
ference In a paper by W, Bifano of LeRC. Tbo 
BOS cost in 1975 dollars is $13,08 per watt 
($15.58 in 1978 dollars) for this system. 

B. Village Power System for Tsngaye, Upper Volta 
(West Africa) . This USAID sponsored project 
is being managed by LeRC In cooperation with 
the USAID mission in Upper Volta, The system 
will consist of an 1800 watt D.C. photovol- 
taic power system and the electricity will be 
used to provide water pumping and grain grind- 
ing for the village. Tho BOS cost in 1975 
dollars is $13.61 per watt ($16.21 in 1978 
dollars) . 


An analysis of the Table 2 data wan performed 
to determine the degree of correlation for a power 
function of the form 

y B ax* 1 *M1 

where y equals direct labor and material BOS 
cost prr watt and x the number of watts 

in the installation. 

The regression equation developed from the 
data is; 

BOS $/uatt B 296 x (Peak Watts) -0 *'* 119 

It o -0,82 (Linear Correlation Coefficient) 

The BOS cost per watt, for D.C. flat-plate 
photovoltaic systems up to four kilowatts, is now 
larger than the cost per watt of tho photovoltaic 
modules. Since A,C. systems are more complicated, 
the BOS cost for A.C, systems similar in size 
(vis., up to say 10 kilowatts) will also be great- 
er than the cost <.( the modules. 

The BOS costs for tne two multikilowatt vil- 
lage power systema are nearly equal ($13.61 per 
watt for the Upper Volta system and $13.08 per 
Watt for tho Arizona System) despite the fact that 
one is nearly twice the peak power of the other. 
There can be little doubt that the magnitude of 
the BOS costs for multikilowatt systems is signi- 
ficant , 

SURVEY OF BOS COSTS FROM THREE MANUFACTURERS 

To provide a basis for comparison or LeRC 
BOS costs with commercially purchased systems, a 
survey was conducted of prices from throe photo- 
voltaic suppliers for typical BOS components. The 
pricing of those components included material 
costs and some labor for the assembly of voltage 
regulators, for the wiring and assembly of modules 
into arrays, and for other such labor items that 
could bo accomplished in the vendor's plant. 

Labor for field assembly, Installation, testing 
and checkout was not obtained during this survey. 

In order do make a direct Comparison of LeRC 
costs and manufacturers' BOS prices, a baseline 
system wsb selected. This baseline was a two 
kilowatt, D.C. system with battery storage for a 
region such as Arizona. The estimated average 
BOS coat per watt for tills baseline system using 
the LoRC regression equation was $13. The range 
dC BOS component prices obtained from manufactur- 
ers was $5,75 to $9.25 per watt. The manufactur- 
ers ' prices were then adjusted to add installation 
related costs, which resulted in the range of 
$8,63 to $13.88 per wntt. These BOS cost compari- 
sons, summarized in Table 3, indicate that the 
U0S costs of LeRC experiments are in close agree- 
ment with manufacturers 1 prices. Thus, BOS costs 
for present multikilowatt photovoltaic systems are 
probably in tho range from 9 to 14 dollars per 
watt (1975 dollars). 
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FRACTIONAL ALLOCATION OF 1103 COSTS 


? 


An analysis wau made of the LeRC BOS euctu 
to determine the average fraction of total BOS 
coot lot* each category, Thom* fractions are 
shown In Table A, No n Ini’, In category of BOS 
coot seems to dominate. 

FOTUlti; COSTS FOR DOS 

Future DOS routs will bo off ootid by a vari- 
ety of fan torn ; this makes It difficult to esti- 
mate possible rout mine t limn , For example , If 
modulo root coals of 8,50/watt nro achieved, the 
battery sire can be traded (If still required) 
against the lower modulo cost, Thin tradeoff, 
however, will increase tlte array requirements 
and costs although the not rust for storage may be 
sumowliat cheaper . This In important considering 
the increasing costs of lead-acid type batteries. 
There will probably be some Improvement In the 
cost of regulators as photovoltaic manufacturers 
begin to achieve economies of scale. Wring re- 
qulremcu's will probably nut seu an appreciable 
reduction since most of the wiring Is from the 
array to the controls and loads. 

Without a reduction in the amount of materi- 
als, there is not much chance of a reduction in 
cost. Frame and support materials will probably 
lia reduced significantly ns packing factors and 
cell efficiencies arc Increased, Moreover, it 
is possible to use lighter weight materials than 
arc presently used and fastening methods can be 
improved significantly . 

Experience and reductions of material require- 
ments will lower the BOS material costs of future 
systems. It 1 b not possible to predict accurately 
at this time what that reduction will bu. BOS 
labor costs are open to considerable speculation, 
die labor costs of future commercial systems will 
most probably be Iobb than the LeRC experiment 
coBts for labor. The manufacturer’s survey in- 
cluded Items shipped as assembled subsystems (e,g., 
regulators, frames, supports) which reduce the 
amount of field labor required. Airther economies 
may bo possible by increasing the amount of In- 
Eactory assembly of systems. 

Thus, it would appear that future costs for 
BOS components and labor will moot likely be less 
than present costa (In constant dollars), but 
many of the BOS elements arc obtained from mature 
industries. Wiring, fasteners, batteries, struc- 
tural materials and otlior BOS components arc ob- 
tained from industries that have achieved most of 
the possible economies of scale possible through 
reuching the limits of mass production economics. 
These items will not experience largo cost re- 
ductions in the future. 

SUMMARY AND CONCLUSIONS 


up to 4 kilowatts in size, A survey of three man- 
ufacturers was conducted to obtain BOS cost esti- 
mates lor a 2 kilowatt flatpinco ll.C, photovoltaic 
power system, Average BOS costs now exceed Block 
til module prices. 

Although it Is nut passible to predict BOR 
costu accurately for 1986, it Is known that the 
DOS materials are obtained from relatively mature 
industries. If 1986 photovoltaic technology can- 
slutB of Incremental improvements In present sili- 
con technology, it is not likely that nos coots 
could he decreased by more than 50 percent , If 
that much. With a 50 percent reduction, the DOS 
costa will be between $4 and 57/watt in 1986, 

Sign.lf leant efforts will be needed to reduce 
BPS cents of future photovoltaic systems. Other- 
wise, the achievement of the 1986 goal of $.50/ 
watt for modules will he accompanied by a DOS cost 
that may be an order of magnitude greater than the 
module cost. 


No malar conclusions can be made from the 
data m this report for large photovoltaic power 
systems . However, larger systems will require 
scaled hut similar DOS components. 

Without the benefit of knowing the nature of 
1986 photovoltaic technology, it would be gratui- 
tous to expect that BOS costs will he similar la 
magnitude to the $.5Q/wntt coot of the modules, 

tabu: i 


Kxj^erijiiorit 


Lone Pine Water 
Cooler 


Forest Towers 


Insect Survey 
Trap (charged 
grid) 

Insect Survey 
Trap (black 
light) 

Arizona Dust 
Storm Warning 
Sign 


Location 


Lone Pine, CA 


College Sta- 
tion, TX 


College Sta- 
tion, TX 


Interstate 10 
between 
Phoenix A 
Tucson, A?. 


User 

Public Health 
Service 

Owens Valley 
Interagency 
Commit too 


U.S, Department 
of Agriculture 


U.S. Department 
of Agriculture 


Arizona Depart- 
ment of Trans- 
portation 


I’npngo Refrig- Sil Nakya, AZ 
orator 


Antelope Peak, U.S. Forest 
Loosen Nation- Service 
at Forest CA.{ 

Pilot Peak, 

Pliimos National 
Forest, CA. 


The 12 application experiments conducted by 
the LeRC for the DOR and the 2 planned village 
power experiments wore used to estimate the DOS 
costs (excluding modules) for photovoltaic systems 


Remote Metero- Stratford Notional Weather 

logical Station Shoals, NY Service. 

(KAMOS) 




4 


EX£orJraoiit Location Poor 

Remote Motero- Cllnca Cornors, National Weather 
logical Station NM Service 

(RAMOS) 

11 Southpoint, III " 

" Loggcrhoail Key, " 

FL 

11 Point Retreat, 11 

AK 


Experi- Array Power SOS Mnteri- 1I0S $/wntt 
ment (watts) al & Labor 
__ Coot ($ ) 

Upper 1800 24498 13,61 

Volta 
Village 
Power 

TABLE 3 

COMPARISON OF LcRC 80S COSTS 
WITH MANUFACTURERS' PRICES 


Halfway Rock, ME 
TABLE 2 


SOS COSTS FOR LoRC EXPERIMENTS 


Experi- Array Power 
ment (watts) 

liOS Materi- 
al 6 Labor 
Cost ($) 

80S $/watt 

Pu.pago 

Refriger- 

ator 

330.0 

4123 

12.49 

Lone Pine 
Water 
Cooler 

446.0 

13894 

31.15 

Forest 

Towers 

294,0 

13369 

45.47 

Insect 

Survey 

Trap 

(charged 

grid) 

23.2 

3186 

137.33 

Insect 

Survey 

Trap 

(black- 

light) 

162,4 

3767 

23.20 

Arizona 

Dust 

Storm 

Warning 

Sign 

116.0 

5689 

49.04 

RAMOS (NY) 

110.4 

3177 

28.78 

RAMOS (NM) 

73.6 

3151 

42,81 

RAMOS (III) 

73.6 

3151 

42,81 

RAMOS (FL) 

73.6 

3151 

42.81 

RAMOS (AK) 

147.2 

6209 

42.18 

RAMOS (ME) 

110.4 

3177 

28.78 

Arizona 

Village 

Power 

3570.0 

46696 

13.08 


Item 

BOS S/watt 

Manufacturers' Suggested 
Prices for 80S Compo- 
nents 

5.75 to 9.25 

Manufacturer's Prices 
Plus Labor for Assembly 
and Installation at 
LeRC Labor Raton 

8.63 to 13.88 

Estimate from LeRC Re- 
gression Equation 

$13.00 

TABLE 4 

ALLOCATION OF 

LERC BOS COSTS 

Category 

Average Fraction < 
Total BOS Cost 

Array, Structure and 
Site Preparation 

.18 

Electrical 

.33 

Storage 

.20 

Installation and Check- 
out 

.20 

Other 

■ 09 

Total 

1.00 


REFERENCES 

1, Throughout this report, "watt" is used to 
mean "peak watt", and costs are in 1975 
dollars unless noted, 

i. Shipping is not included, nor are. loads chat 
would be powered by the systems. 
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